A continuing, sporadic incidence of vitamin E-selenium (Se) responsive disease among confinement-reared pigs believed to be fed complete and adequately supplemented diets prompted these studies on the potential genetic influence over vitamin E and Se metabolism in pigs. The initial study revealed a wide range of serum Se and vitamin E concentrations among age-matched, commonly housed and commonly fed growing pigs. Pigs found relatively hyposelenemic (hypo-Se) or hyperselenemic (hyperSe) early in life retained their relative Se status while commonly reared. The persistence of vitamin E status was poor. Selected matings between identified, relatively hypo-Se gilts and boars and between relatively hyper-Se gilts and boars produced similarly affected baby pigs. In Exp. 2, representative hypo-Se (20) and hyperSe (20) pigs were identified from a total of 107 baby pigs by 30 d of age. These pigs were allotted to an experiment to compare the responses of these two populations to .1 and .3 ppm supplemental dietary Se through 150 d of age. The difference in mean serum Se of the selected hypo-and hyper-Se pigs fed .1 ppm Se was significant at each sampling time. This difference approximated that observed between pigs (either hypo-or hyperselenemic) fed . 
A continuing, sporadic incidence of vitamin E-selenium (Se) responsive disease among confinement-reared pigs believed to be fed complete and adequately supplemented diets prompted these studies on the potential genetic influence over vitamin E and Se metabolism in pigs. The initial study revealed a wide range of serum Se and vitamin E concentrations among age-matched, commonly housed and commonly fed growing pigs. Pigs found relatively hyposelenemic (hypo-Se) or hyperselenemic (hyperSe) early in life retained their relative Se status while commonly reared. The persistence of vitamin E status was poor. Selected matings between identified, relatively hypo-Se gilts and boars and between relatively hyper-Se gilts and boars produced similarly affected baby pigs. In Exp. 2, representative hypo-Se (20) and hyperSe (20) pigs were identified from a total of 107 baby pigs by 30 d of age. These pigs were allotted to an experiment to compare the responses of these two populations to .1 and .3 ppm supplemental dietary Se through 150 d of age. The difference in mean serum Se of the selected hypo-and hyper-Se pigs fed .1 ppm Se was significant at each sampling time. This difference approximated that observed between pigs (either hypo-or hyperselenemic) fed .1 and .3 ppm Se. The increase in serum Se due to .3 ppm supplemental dietary Se was greater among the selected hypo-Se pigs than among 1Supported by USDA 1433 Animal Health Research the hyper-Se pigs. Plasma Se-dependent glutathione peroxidase (GSH-Px) was a better indicator of dietary or serum Se status than was erythrocyte GSH-Px. The selected hyper-Se pigs maintained a more rapid rate of growth than did the hypo-Se pigs and were approximately 10 kg heavier at 150 d than the hypo-Se pigs.
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I ntroduction
Since Schwarz and Fohz (1957) reported that selenium (Se) was an essential nutrient, considerable research effort has been devoted to understanding the metabolic function(s) of Se. The discovery by Rotruck et al. (1973) that Se was a constituent of gluthathione peroxidase (GSH-Px), helped explain the often observed ameliorating effect of Se on vitamin E deficiency. The efficacy and safety of Se as a feed additive have been sufficiently documented so that commercial supplementation of Se (as Na2SeO3 or Na2SeO4) in some livestock feeds is now legal at rates ranging from .1 to .3 ppm (FDA, 1979 (FDA, , 1982 . It is possible that this range may be widened and(or) extended to other species as future research provides a basis for so doing.
In the interim, it is important to study factors affecting Se requirements and the reasons for a continuing incidence of Se-responsive disease among confinement-reared swine believed to be adequately supplemented with vitamin E and Se (Trapp et al., 1970; Mahan and Moxon, 1978; B. G. Harmon, personal communication; M. G. Hogberg, personal communication) . The sporadic nature of these cases suggests that some pigs have an impaired, perhaps genetically influenced, ability to utilize dietary Se. This hypothesis has been alluded to by Jorgensen et al. (1977) and is consistent with reports by Atroshi et al. (1981) and Sandholm et al. (1983) GSH-Px activity of Finn sheep. This research approach to understanding the cause of the sporadic incidence of Se-responsive conditions is also consistent with an international effort toward breeding genetic resistance to disease (Oltjen, 1982) . The following, therefore, is a report on observations made in the course of selective breeding for hypo-and hyperselenemia in pigs.
Materials and Methods
Exp. i. The serum Se and vitamin E concentrations of 36 commonly fed and commonly housed pigs (27 females, 9 males) at the Michigan State University Swine Research Center (SRC) were monitored when the pigs were 8, 16 and 24 wk of age. These pigs were fed cornsoybean meal-based starter, grower and finisher diets containing .1 ppm supplemental Se (table  1) . When these pigs were of breeding age, the five gilt s that had remained the most hyposelenemic during the observation period were bred to a nonlittermate boar that had remained the most hyposelenemic during the growing period. In addition, the six gilts that had remained the most hyperselenemic during the observation period were bred to the nonlittermate boar that had remained the most hyperselenemic. The pregnant gilts were maintained in a common gestation unit on the same gestation diet. These gilts farrowed in crates in one farrowing unit at the SRC. The serum Se concentrations of the pigs in the 11 litters were determined at 10 and 70 d of age. Comparisons between treatment means were performed by Student's t-tests. The Se analyses were conducted by the fluorometric procedure of Whetter and UUrey (1978) . The vitamin E assays were performed by an isocratic modification of a high performance liquid chromatography (HPLC) procedure by Bieri et al. (1979) . In brief, nonsaponified hexane extracts of serum were chromatographed on a 30-cm microporasil 6 column with a 85:15 hexane: chloroform mixtue pumped at 2.5 ml/min at approximately 1,500 psi with UV detection at 280 nm. (The procedure separates t~-tocopheryl acetate and (~-tocopherol.)
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Exp. 2. Pigs used in this study were selected from a total of 107 pigs representing 13 litters born to sows farrowing within a 12-d interval at the SRC. All sows had been fed the same cornsoybean gestation diet containing .1 ppm supplemental Se (table 1) and housed in a common gestation facility. The sows farrowed in crates in a common farrowing house and were all fed the same lactation diet containing .1 ppm supplemental Se (table 1). The creep feed for the baby pigs was the lactation diet. Body weights and blood samples for Se assays (Whetter and Ullrey, 1978) were obtained when the baby pigs were 10 and 30 d of age (weaning).
The 20 pigs (10 males and 10 females) with the lowest mean serum Se for these two sample periods were selected from among seven litters and designated as the hyposelenemic group. The 20 (10 males and 10 females) with the highest mean serum Se for the two sample periods were selected from among eight litters and designated as the hyperselenemic group. These two maior groups were then randomly divided to create two hyposelenemic subgroups of 10 (five males and females/subgroup) with uniform mean serum Se values and two hyperselenemic groups of 10 (five males and five females) with uniform mean serum Se values. On e hypo-and one hyperselenemic group of 10 continued to be fed the standard corn-soybean starter, grower and finisher diets supplemented at .1 ppm Se (table 1) while the other hypoand hyperselenemic groups of 10 were fed the same diets supplemented at .3 ppm Se from 30 d of age. Based upon Se assays of the complete diets, the total Se content of the .1 and .3 ppm Se-supplemented diets approximated .17 and .37 ppm, respectively.
Each group of 10 pigs was fed its respective diet ad libitum in a 2.4 • 5.6 m, slatted-floor pen, and the four pens used were adjacent in the same building. The pigs were weighed and blood samples were obtained for packed cell volume (PCV) and concentrations of hemoglobin (measured on a hemophotometer) 7, serum Se, serum vitamin E, plasma GSH-Px and erythrocyte GSH-Px at 58, 87, 107 and 152 d of age. As the pigs reached market weight and were slaughtered, samples of liver, kidney and skeletal muscle (anterior superficial pectoral) were obtained for Se assays. The five hyposelenemic and five hyperselenemic gilts fed .1 ppm Se were, however, reserved for subsequent selected matings to previously identified hyposelenemic and hyperselenemic boars, respec- bcontaining the following vitamins and trace minerals per kg of premix: vitamin A, 660,000 IU; vitamin D3, 132,O00 IU; menadione sodium bisulfite, 440 mg as menadione; riboflavin, 660 mg; nicotinic acid, 3.5 g; Dpantothenic acid, 2.6 g; choline, 22 g; vitamin B12, 4 mg; Zn, 15 gi Fe, 12 g; Mn, 7.5 g; Cu, 2 g and I, 100 mg.
CContaining per kg of premix: 3,300 IU of vitamin E from DL-~-tocopheryl acetate and 20 mg of Se from sodium selenite. tively. This aspect will be the subject of another paper. The plasma and erythrocyte (RBC) GSH-Px assays were performed by the procedure of Paglia and Valentine (1967) . The data were subjected to analysis of variance and Sheffe's multiple range test. Comparisons between treatment means were performed by Student's t-tests when appropriate.
Results
Exp. 1. The ranges in serum Se concentration among the pigs at 8, 16 and 24 wk of age are presented in figure 1. At 8 wk, the values ranged widely from 135 to 244 ng Se/ml serum with a mean of 191 + 28 (X + SD). At 16 wk of age, there was a similar, wide distribution around a higher mean of 207 -+ 29 ng Se/ml serum. At 24 wk of age, the wide distribution was around an unexpectedly lower mean of 157 + 23 ng Se/ml. The overall mean serum Se for the observation period was 185 + 24 ng/ml.
The consistency of placement of individual pigs within the observed ranges from one sampling period to the next is indicated by the r values in figure 1. The r values (P<.01) indicate that, other things being equal, pigs that were relatively hyposelenemic or hyperselenemic at a young age tended to remain so later in life.
The ranges in serum vitamin E concentrations among the pigs at 8, 16 and 24 wk of age are presented in figure 2. At 8 wk of age, the values ranged from 1.15 to 3.27 with a mean of 2.20 -+ .56/~g ot-tocopherol/ml. A similarly wide distribution of vitamin E values around lower means existed at the 16-and 24-wk sampling periods. For individual pigs, the consistency of placement of vitamin E values within the range from one sample period to the next was much less than for Se with correlation coefficients (r) of .30 to . figure 4. The hyposelenemic pigs fed .1 ppm $e remained the most hyposelenemic throughout the trial, even though the serum Se gradually increased to a mean of 134 ng/ml at 152 d of age. The hyperselenemic pigs fed .1 ppm Se maintained serum Se values from 17 to r ng/ml higher than the hyposelenemic pigs fed .1 ppm Se and reached their highest mean (173 -+ 18 ng/ml) at 107 d of age.
The mean serum Se values of the hyposelenemic pigs fed .3 ppm ranged from 28 to 47 ng/ml higher than those of the hyposelenemic pigs fed .1 ppm Se and thus were very similar to the hyperselenemic pigs fed .1 ppm Se. The hyperselenemic pigs fed .3 ppm Se achieved the highest mean serum Se of any of the groups, with the maximum mean value (203 ng/ml) attained at 107 d of age. Addition of .3 ppm Se to the diet of the hyperselenemic pigs resulted in approximately two-thirds of the increment in serum Se as did .3 ppm Se added to the diet of the selected hyposelenemic pigs.
The differences in specific treatment means for serum Se between the hypo-and hyperselenemic groups and between the groups fed .4 ppm Se diets is illustrated in figure 3 . The mean serum Se values for the hypo-and hypero selenemic groups were different (P<.01) at 75 and 108 ng/ml, respectively. There was a tendency in the hyposelenemic group for the males to have higher serum Se values than the females.
The influence of supplemental Se on serum Se values of these pigs over time is illustrated in figure  5 . The hyposelenemic pigs at the start of the feeding trial were, on the average, 1.4 kg smaller (P>. 1) than the selected hyperselenemic pigs and tended to remain smaller throughout most of the experiment. The .3 ppm Se supplementation of the hyposelenemic pigs, but not of the hyperselenemic pigs, was associated with higher (P>.I) mean body weights at each observation period than the pigs supplemented at .1 ppm Se.
The mean PCV data for each group remained remarkably stable (range 34.4 to 38%)throughout the observation period and were unaffected by level of Se supplementation. However, the overall mean PCV of the selected hyperselenemic pigs (37.4 + 2.5%) remained consistently higher (P<.07) than the mean PCV of 35.6 -+ 2.9% for the hyposelenemic pigs during the experiment. The mean hemoglobin (Hb) values ranged from 10.6 to 14.8 g/dl, were consistent with the PCV data, were not affected by level of Se supplementation and were slightly, but 200 consistently, higher for the hyperselenemie pigs than for the hyposelenemic pigs.
,co The mean plasma GSH-Px values (table 5) ranged from .62 to 1.50 EU/ml. The relation~6o ships between plasma GSH-Px and relative ~= selenemia or Se supplementation rates were in-~ ,40 consistent. Overall, the mean plasma GSH-Px value for the hyperselenemic pigs was .324 EU/ ~ 12o ml higher than for the hyposelenemic pits.
The mean RBC GSH-Px values (table 6) mo ranged from 46.7 to 105.8 EU/g Hb. The mean 80 RBC GSH-Px values tended to be higher in all pigs fed .3 ppm Se than those fed .1 ppm Se 60 during the experiment.
The correlation coefficients (r) of serum Se vs plasma GSH-Px or RBC GSH-Px in the groups at the various sampling periods are presented in table 7. With two exceptions, the range of r for serum Se vs plasma GSH-Px was from .435 to .882 and significant. The correlation coefficients for serum Se vs RBC GSH-Px were very inconsistent and ranged from -.743 to +.313.
The mean serum vitamin E concentrations in the spontaneously hypo-and hyperselenemic pigs at the observation times are presented in table 8. The observed serum vitamin E was maximal at 10 d of age and declined rapidly over the following 50 d. At 30 d of age, however, the selected hyperselenemic pigs had nonsignificantly higher serum vitamin E concentrations than the hyposelenemic pigs. At 58 d of age and thereafter, the serum vitamin E values remained low at approximately .5 /ag/ml in all groups.
The tissue and serum concentrations of the pigs at the time of slaughter (approximately 95 kg) are summarized in table 9. There was a tendency for the Se content of the kidney and serum from the pigs fed .1 ppm Se to be less than corresponding values from pigs fed .3 ppm Se; however, the differences were not significant. The overall mean liver, kidney and skeletal muscle Se concentrations (ppm dry weight basis) were 1.98, 9.00 and .387, respectively. The overall mean serum Se concentration at slaughter was .195 ppm. 
Discussion
Experiment 1 provided substantiating evidence from within a group of age-matched, commonly housed young pigs fed a standard corn-soybean meal diet supplemented at .1 ppm Se that: 1) serum Se values can range widely at any sampling period; 2) serum Se increases with age of young pigs and may peak and(or) decline between 16 and 24 wk of age and 3) there is a persistency of relative hypo-or hyperselenemia in individual pigs that extends through the growing period and can, irrespective of dietary Se intake, influence the Se status of their offspring.
The wide range in Se status among commonly reared pigs was reported by Jorgensen et al. (1977) who noted that, among 14 litters of pigs, the variation in Se-dependent erythrocyte GSH-Px was wider among litters of pigs than among pigs in a litter. Jensen et al. (1979) have also observed a litter effect on Se-related variables. The litter effect on RBC GSH-Px prompted Jorgensen et al. (1977) to speculate upon a possible genetic influence upon Se status of pigs, especially Se-dependent GSH-Px. Such a genetic influence on Se-dependent enzymes would be consistent with reports of genetic influences in pigs over plasma arylesterase (Kubek et al., 1969) , adenosine deaminase (Widar and Ansay, 1975) and alkaline phosphatase (Kierek-Jaszczuk et al., 1978) . Closely allied to these observations are those of Tucker et al. (1980) , who reported of the genetic influence upon erythrocyte glutathione concentration in sheep.
The increase in serum Se with age has been observed by others (Groce et al., 1973 ; Chavez, 1979; Mahan and Moxon, 1980; Meyer et al., 1981) . The plateauing and(or) decline in serum Se in Se-sufficient pigs reaching puberty was observed by Mahan et al. (1977) . It is possible that this is related to diminished feed consumption in pigs reaching 6 mo of age.
The r values (.66 to .78) obtained from correlation analyses to test the persistence of the relatively low or high serum Se values in individual pigs from one sampling period to another (figure 1) were comparable with the r=.705 for similar observations pertaining to the persistence of Se-dependent GSH-Px in erythrocytes of pigs (Jorgensen et al., 1977) .
The data (table 2) indicating that the propensity for relative high or low serum Se among pigs may be passed on to their offspring may be the first experimental evidence of this in pigs. Atroshi et al. (1981) and Sandholm et al. (1983) have, however, studied RBC GSH-Px activity and performance in lambs born to selectively mated hypo-and hyperselenemic Finn ewes and rams. The authors concluded that RBC GSH-Px in Finn sheep is polygenic, that GSH-Px is controlled by a single pair of autosomal alleles and that the gene for high GSH-Px is dominant over the gene for low GSH-Px. The authors also noted a lower C'dMeans within columns that do not have at least one superscript in common differ (P<.05). (P<.01) number of live births per ewe with the higher RBC GSH-Px status than with the lower GSH-Px status.
The most notable observation in Exp. 2 was the ability to identify, from various litters of 10-to 30-d-old pigs, those that would retain a relatively hypo-or hyperselenemia state on a given Se intake through at least 150 d of age. The difference between the mean serum Se concentrations of the selected hypo-and hyperselenemic groups fed .1 ppm supplemental Se was approximately the difference between the serum Se of comparably aged pigs fed cornsoybean meal diets supplemented at .1 and .3 ppm Se. The data also indicate that the serum Se response of hyposelenemic pigs to additional supplemental dietary inorganic Se may often be greater than the serum Se response of hyperselenemic pigs to the same dietary Se increment.
Experiment 2 also provided further evidence that, in pigs fed corn-soybean diets containing >.1 ppm supplemental Se, the serum Se concentrations increase gradually with age, reaching a peak and(or) plateau between 120 and 150 d. This is in contrast to a decline in serum Se concentrations over a 15-wk trial with pigs fed .03 to .06 ppm Se without supplemental vitamin E (Simesen et al., 1970) .
The RBC GSH-Px values are similar to some previously reported by Jorgensen et al. (1977) as well as by Sivertsen et al. (1977) in which the pigs received .2 mg Se and 200 IU a-tocopheryl acetate daily over a 10-wk period. In the latter experiment, the correlation between RBC GSH-Px and serum Se was approximately r=.9 compared with r=.27 in the present paper. The poor correlation between dietary Se and RBC GSH-Px in swine has been reported by Thompson et al. (1976) .
The observed range in plasma GSH-Px concentrations is consistent with the reports of others (Jorgensen et al., 1977; Parsons, 1981) , when corrected to common units. The correlation between plasma GSH-Px and serum Se observed in the current study (r=.70 to .80) is consistent with previous reports (Ewan, 1976; Jensen, 1977; Hakkarainen et al., 1978) . Collectively, these results indicate that plasma GSH-Px correlates better than RBC GSH-Px with serum or dietary Se values in pigs even when the Se supplement has been given for periods equivalent to the life span of the RBC.
The serum vitamin E concentrations are comparable with those previously reported for growing pigs (Young et al., 1977; Loudenslager et al., 1983) . The serum vitamin E data emphasize the importance of sow's milk in maintaining adequate serum vitamin E levels. The significantly higher vitamin E concentrations in serum of the hyperselenemic pigs at 30 d of age than in the hyposelenemic pigs of the same age suggest a possible difference in vitamin E metabolism between these groups.
The growth data suggest that naturally hyperselenemic pigs will perform as well at .1 ppm supplemental Se as at .3 ppm Se, while the growth rates of naturally hyposelenemic pigs may be greater on diets of .3 ppm Se than of .1 ppm supplemental Se.
The tissue Se concentrations observed at the time of slaughter of these pigs are also consistent with those observed in other pigs maintained on comparable Se intakes (Mahan et al., 1977; Mahan and Moxon, 1980; Meyer et al., 1981; Moksnes et al., 1982) . The most im-portant aspect of the tissue Se data from Se-adequate pigs is how little the tissue Se concentrations are influenced by dietary Se concentrations. This supports the concept of tissue thresholds for inorganic Se (Groce et al., 1973) a~d should alleviate concern about the potential for excess Se being present in pork products due to errors in Se supplementation.
The data support the hypothesis that at least some aspects of Se metabolism in pigs are genetically influenced. The nutritional significance of this genetic predisposition to high or low serum Se concentrations in pigs is under investigation.
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